The levels of selected metals (Ca, Na, Mg, Fe, Cu, Pb, Ni, Co, Cr and Cd) were determined in effluent, groundwater and soil samples obtained from surgical instrument industries in Sialkot Pakistan by AAS. The metal distribution in the three media was quite divergent with high skewness and standard deviation parameters. These industries indiscriminately discharge the metal laden effluents to nearby lands and freshwater resources. Thus, soil adjacent to these industries exhibited Fe as the major contributor. The multiple correlations in terms of effluent versus soil correlation coefficient matrix evidenced that Ni, Mg, Cr and Cd in the soil originated from the effluents. Multivariate analysis (Principal component analysis and cluster analysis) also confirmed the contamination of soil and groundwater to be rising from surgical industry effluents.
Introduction
The reclamation of industry affected soils is an issue of major concern all over the world. Industries utilize various metals in huge amounts for various processes and discharge an excess of these to nearby lands and bodies of water, thereby not only deteriorating the quality of soil, but also the groundwater.
The medical and surgical equipment manufacturing sector has witnessed an annual growth rate of 7.8 % globally during the last few decades. In Pakistan there are about 2,500 large, medium and small sized surgical instrument manufacturing units that involve an estimated total capital investment of 223 million dollars (SIIP, 2007; Themedica, 2009) . Seventy five percent of these industries are concentrated in the form of a cluster in Sialkot. These units are involved in the manufacture of a wide range of medical, surgical and veterinary instruments exporting 80-90 % of its production to over 140 countries around the world.
Surgical instrument manufacturers have been following strict international manufacturing standards, specifically conforming to WHO standards. Most of these have recently obtained ISO-9002 certification; however, the previous practices of indiscriminate discharge of waste/wastewater from these industries have led to the deterioration of the quality of soil as well as the groundwater. Thus the reclamation of these soils is imperative to get rid of hazardous effects arising from them. Now reclamation is a process that demands characterization and monitoring of pollutants and tracing their probable sources so that an effective strategy may be adopted. Under these considerations, the present study was formulated.
Surgical industries utilize a huge tonnage of stainless steel sheets that are transformed into specific instrument pieces of various shapes and sizes. In addition to Fe and Cr used in steel manufacture, these industries also use Ti and its alloys with various other metals such as Al, W, Be, Cu, Mo, Co, Zr, Sn and V for specific purposes (Spry, 2005) . Other important constituents used in surgical instrument manufacture include Mn, Ni, In, Bi, Cd, P, and Pb (Milne, 1907) .
Therefore surgical instrument industries are metal intensive industries that utilize numerous metals like Fe, Cu, Ni and Cr in bulk during various manufacturing processes. The excess of these metals are expelled out in voluminous amounts as wastewater or solid waste, which is disposed of indiscriminately onto open lands, ditches, nullahs or in sewers from where it finds its way into various water bodies and agricultural lands (Goyer, 1996) . In the soil, these heavy metals get accumulated and under specific conditions become available to plants (Chung and Sa, 2001; Grande et al., 2003; Kowalkowski et al., 2006; Shrestha Kazama, 2007; Simeonov et al., 2003; Wunderlin et al., 2001; Zhang et al., 2009; ) , that accumulate them in their edible and non-edible parts and ultimately the food chain is contaminated (Krishna and Govil, 2007) . Moreover, during the manufacturing process metallic dust is produced in the form of oxides that cast hazardous effects not only on the health of the workers, but also on the public at large (Johnson 1998; Johnson, 2006) . The present investigation deals with the determination of the physico-chemical parameters and selected metals (Cu, Ni, Co, Mg, Ca, Fe, Cr, Cd, Na and Pb) in the effluent, groundwater and soil samples collected from the surgical instrument industries of Sialkot, Pakistan. Multivariate statistical analysis, i.e. principal component analysis and cluster analysis, was used to probe for the sources of metals in groundwater and soil samples (Boruvka et al., 2005; Slavkovic et al., 2008; Tsuji and Karagatzides, 2001 ).
Main Research

Description of sampling site
The effluent, groundwater and soil samples were collected from various surgical instrument industries located in Sialkot, Pakistan. The city is spread over an area of 5,000 square kilometers and inhabits a population of approximately 0.7 million. The land here is generally plain and sandy with an average annual rain fall of 1000 mm. The depth of water table is 100 m and the main crops grown include wheat, barley, corn, sugarcane and rice. It is one of the major industrial centers of Pakistan which houses about 3,229 industrial units and is well-known for its manufacture and export of surgical instruments, as well as musical instruments, sports goods, leather and textile products etc. A big cluster of surgical instrument manufacturing units is present in the city and is responsible for 75 % of the total production of surgical instruments in Pakistan. Over the past many years these industries have been discharging metals bearing wastewaters indiscriminately to open lands, ditches, nullahs, sewers etc. Over the time, the buffering capacity of soil was exhausted and metals accumulated into the soil, from where they ultimately leach to groundwater. In fact, a portion of the metals present in the soil are also associated with the aqueous phase of soil. These metals are subjected to movement with soil water and may be transported through vadose zone to groundwater (McLean and Bledsoe, 1992) . The runoff from these soils may also contaminate the fresh water sources, such as rivers lakes etc. Therefore, there is a dire need to reclaim these soils.
Sample Collection and Pretreatment
A total of thirty five effluent and as many groundwater samples as possible were collected from fifteen surgical instrument industries of Sialkot, Pakistan. This was done in high density polythene bottles of one liter capacity in accordance with standard sampling guidelines. All the samples were collected in triplicate to ensure the precision and accuracy of measurement (Boruvka et al., 2005; Radojevic and Bashkin, 1999; Tsuji and Karagatzides, 2001) . The pH and electrical conductivities of effluent and groundwater samples were determined in situ.
A total of 35 soil samples each in 500 g capacity were collected in triplicate from 1-10 cm deep within the top-layer of soil in zip-mouthed polythene bags of appropriate size. This was done from the peripheral distance of 100 m from effluent discharge point of the industry with the help of a plastic scoop. The samples were labeled properly and transferred to the laboratory for immediate analysis.
Analysis of Physico-Chemical Parameters
The effluent and groundwater samples were filtered with Whatman filter paper and used as such for the determination of physico chemical parameters. The soil samples (dark grey/greenish in color; sandy texture) were analyzed for the moisture content by standard gravimetric method. The physico-chemical parameters of the soil samples (i.e. pH, EC, Cl -, S -2 , NO3 -2 and SO4 -2 ) were determined by using a water extract of soil samples that was prepared by stirring 25.0 g portion of the soil with 250 mL of distilled water and subsequently equilibrated for thirty minutes (Radojevic and Bashkin, 1999) .
Metal Analysis
The effluent and groundwater samples were aspirated directly, onto Hitachi atomic absorption spectrophotometer (AAS) Model AA-5000. The instrument was equipped with Zeeman background correction facility and the analyses were performed under optimum analytical conditions To extract the metals from soil samples, wet acid digestion method of US-EPA was used. According to this method, 1.0 g portion of the air dried soil sample was digested by using conc. HNO3 and H2O2 and subsequently diluted up to 50 mL (Rauter, 1998) . This solution was aspirated on AAS for the estimation of selected metals. All chemicals and reagents used during the study were of spectroscopic grade with a certified purity of 99.9 %, procured from E-Merck (Germany). Pyrex glassware was used for the processing and preparation of samples. Triplicate analysis of the samples was carried out and the corresponding results matched within ± 0.5 %.
Statistical analysis of data
The analytical data obtained for the three media was processed statistically for the evaluation of univariate and multivariate statistical parameters. The uni-variate statistical parameters included evaluation of mean, median, standard deviation, skewness and kurtosis etc. In order to trace the relationship among various variables, the correlation coefficient matrix was evaluated. Multivariate statistics in terms of principal component analysis, transformed the data into orthogonal components that were a linear combination of original variables. Thus, it provided valuable information about the sources of various metals in the three media. Cluster analysis also provided an insight into the clustering behavior of the metals in a specific environment. STATISTICA software was used to conduct relevant statistical analysis of the data (Statsoft, 1999) .
Results and Discussion
In order to assess the pollution status of the soil and groundwater in the vicinity of the surgical instrument industry, thirty five samples of each media were collected and analyzed for physicochemical parameters and selected metals.
The descriptive statistics for various physico-chemical parameters studied for effluent, groundwater and soil samples is presented in Table 1 . The data revealed that pH of the effluents varied widely from 2 to 8 representing an abrupt change in the pH of discharged effluents depending on the nature of the process involved. This abrupt change in pH of the instantaneously discharged effluents may be hazardous to various forms of life in the soil and water bodies (Sauve et al., 2000) . The mean Cl -1 , NO3 -, and SO4 -2 levels of these effluent samples were found to be 2465, 4787, 4205 mg/L respectively which were much more enhanced than National Environmental Quality Standards. Although the range of pH groundwater and soil samples was narrower, they also exhibited enhanced levels for all the studied anions [Pak EPA, 2008] . It has been shown that the presence of enhanced levels of these anions may reduce the crop yields and make the groundwater unfit for viable agricultural or drinking purposes (Nidal et al., 2000) . Moreover, the increased concentration of Cl -1 , and SO4 -2 in soil solution may destroy the whole flora and fauna by altering the thermal conductivities of soils; this, in fact disturbs the heat balance of the soil (Norborio et al., 1993) .
The distribution of various metals in the three media i.e. effluent, groundwater and soil is depicted in Table 2 . The data was found to be non-normally distributed as evidenced by large variations in minimum and maximum values. The effluent samples were observed to exhibit higher mean levels for Na and Mg standing at 2628, 1041, and 983 mg/L respectively. Among the micro-elements (Cu, Ni, Co, Fe, Cr, Cd, and Pb) Fe exhibited the highest mean concentration of 263.8 mg/L. It was followed by Cu being present at 36.46 mg/L level. The rest of the metals followed the order i.e. Pb > Ni > Cr > Co > Cd. The mean levels of these metals were found to be more enhanced than National Environmental Quality standards (Fig 1) . The levels of these metals observed in surgical instrument industry effluent were also many folds higher than these threshold limits set for the discharge in industrial effluents (Khan et al., 2008; Kisku et al., 2000) . That is why their indiscriminate discharges have led to hazardous effects on soil and groundwater in the vicinity of these industries. The data set for the groundwater samples presented the highest mean levels for Na that was found to be standing at 2495 mg/L. The metals that are used abundantly for the manufacture of steel i.e. Cu, Fe, Cr, and Ni were recorded to be present at their respective mean concentrations of 19.18, 23.45, 0.685 and 8.59 mg/L against their maximum concentrations of 29, 30, 0.759 and 11.49 mg/L respectively. The order for the mean levels of metals in groundwater samples was: Na > Ca > Mg > Fe > Cu > Ni > Pb > Co. The mean concentration of the metals in groundwater samples was found to surpass the NEQS, thus rendering this water to be quite unsafe for human consumption (Fig. 2) . If used untreated, the populations dependant on this water may suffer from various biological disorders. There is no denying the fact that high concentrations of these metals in the effluent have been the sources of these metals in drinking water samples. The data set for the soil samples evidenced a totally different order of mean metal levels. In these samples Ca was present at the highest mean level of 7045 mg/kg, which was followed by Mg standing at the maximum level of 2844 mg/kg. Iron, the main metal used in the steel making of the surgical instrument industry, secured a third position with respect to mean metal level (906.8 mg/kg). The order followed by rest of the metals was: Na > Cr > Pb > Cu > Ni > Co > Cd. The mean levels of all these metals were found to be much higher than the proposed NEQS (Fig. 3) . The data thus evidenced the soil in the vicinity of the surgical instrument industry to be highly contaminated by the selected metals. The reclamation of this metal laden land is therefore quite essential.
In order to study the relationship among the various metal pairs in the three media, the correlation coefficient matrix was evaluated. In case of effluent samples, various metal pairs were found to be significantly positively and negatively correlated. The strongest positive correlation was observed between Cu -Ni pair (r = 0.772) which evidenced that in 77.2 % cases, Cu and Ni concentrations increased, or decreased simultaneously. This pointed towards the fact that these metals were used simultaneously during surgical instrument manufacture, and thus discharged simultaneously. The other metal pairs that exhibited significant positive correlations included Cu-Co, Ni-Co, Mg-Ca (Table 3) . Mg was found to be significantly positively correlated with Cu, Ni, Co and Ca with r-values of 0.308, 0.292, 0.624 and 0.428 respectively. This evidenced that Mg, in the effluents, has strong association with other metals and shares a common origin with them. Mg was strongly negatively correlated with Fe, and Cr was strongly negatively correlated with Cd with an r-value of -0.556 and -0.580 respectively indicating a decrease in the concentration of one metal, with the increase in concentration of the other. The results of correlation study therefore evidenced the mutual dependence of metals in effluent samples.
The data obtained for water samples exhibited the strongest positive correlation between Pb and Ni with an r-value of 0.808 (Table 3) . Pb and Ni, were also significantly positively correlated with Na and Ca. Other significant positive correlations included those between Co-Mg (0.465) and Cu-Fe (0.432). A significant positive correlation of the metal pairs was indicative of common origin for both the correlated metals. In surgical instrument industries metals like Pb, Cu, Fe and Ni are used abundantly during various manufacturing processes such as conversion of raw material into sheets, passivation and polishing etc. Excess of these metals are discharged as solid or liquid waste to open lands and nearby nullahs from where they find their way to groundwater. Thus surgical industries are a common source of these metals to ground water. Moreover, some of the metals may be present as impurities of process chemicals. The metals like Na and Ca have soil based origin. The strongest negative correlation was observed between Mg-Cd at an r-value of -0.575. Chromium was also found to be strongly negatively correlated with Na and Ni with r-values of -0.531 and -0.482 respectively. A negative correlation among the metals is indicative of fact that with the increase in concentration of one metal, the concentration of other metals was decreased, thereby showing different sources for the two metals.
In the soil matrix no significant correlations were observed between Pb and Ni, or the Ca and Na with Pb and Ni rather here most of the observed significant correlations were negative i.e. Co-Pb (-0.426), Mg-Cd (-0.411), and Ni-Cu (-0.356). The strongest positive correlation was observed between the Ca-Mg pair with an r-value of 0.485. This type of behavior, which is quite different from effluent and groundwater samples, was due to complex nature of the soil matrix where numerous mechanisms are going on simultaneously.
The correlation coefficient matrices of the three media were quite different from each other. This is due to the fact that surgical instrument manufacturing processes are carried out in various stages and each stage utilizes quite different metal based chemicals. These chemicals are not discharged simultaneously, but rather effluents generated after every process stage are discharged separately at different times. Depending on the prevailing environmental conditions, these chemicals may be adsorbed to the soil surface, or they may travel to far away areas along with run off. Moreover, the surgical instrument industries are not the only source of metals to the soil and groundwater. Various other factors such as sewage discharge may also contribute to the sources of pollution. Besides all this, soil is a complex medium. Its geologic origin plays an important role in metal leaching and transport to groundwater. Thus it is quite justified to have different correlation matrices in the three media i.e. effluent, groundwater and soil.
The multiple correlation coefficient matrices for the selected metal levels in the different media, i.e. effluent versus groundwater and effluent versus soil, were evaluated to get an insight into the sources of various metals in the soil and groundwater. The effluent vs. water correlation coefficient matrix (Table 4) evidenced that none of the metals were mutually correlated significantly in two media. This fact is explained on the basis of screening behavior for soils that acts as a barrier between the metals and the groundwater.
In the soil samples, a number of significant correlations were observed among various metals in the two media. The magnesium of the effluent was found to be strongly positively correlated with the Mg of the soil with an r -value of 0.426, indicating that excessive levels of Mg in soil originated from various Mg salts that were discharged in the form of effluents. Another significant positive correlation was observed between the Ni levels in soil and effluent samples which also pointed towards the source of Ni in soil from surgical instrument industry. Similarly, Cd was significantly correlated in the two media.
The observed inter-metal relationships were also supported by Principal Component analysis (PCA). PCA provides a better understanding of the relationships among the variables by dividing them into various groups and reducing the dimensionality (Jan et al., 2010; Tariq et al., 2006) . Thus Varimax normalized factor loadings were recorded for the metal data collected from the three media and incorporated in Table 5 . For the effluent samples, four rotated factors were extracted with cumulative percentage of 79.91. The first factor F1, with an eigen value of 2.82, received major contribution from Cu, Ni and Co, evidencing their simultaneous discharge in the effluent after use in particular stage of the manufacturing process. F2, with cumulative eigen value of 5.317, exhibited Cr, Cd and Na as major contributors. The source of Cr, along with other metals, was traced in alloy manufacture. F3, with a total variance of 14.57 %, accounted for high loadings of Fe; the main metal used for steel making. Another major contributor of this factor was Mg, whose source was present in brazing process of surgical instrument manufacture. Lead also contributed significantly to factor 3. The fourth factor received major contribution from Ca with the percent total variance of 12.17. In case of groundwater samples, the first of the four listed factors represented major loadings for Ni, Cr, Na and Pb with a cumulative variance of 34.46 %. The sources of these metals were traced in the various processes of surgical instrument manufacture. The second factor was mainly associated with Mg and Cd, with a total variance of 19.70 %. These metals have soil based origin. The major metals that are involved in the steel making of surgical instrument were present together in the same factor (factor 3) as the major loadings. Factor 4 was characterized by the major contribution from Co alone, another important metal used in alloy steel. Thus, PCA demonstrated the net contamination of groundwater by the metals originating from the metal laden effluents of surgical instrument industries.
Varimax normalized factor loadings yielded four rotated factors for soil samples as well, with a cumulative variance of 70.98 %. Factor 1 accounted for an eigen value of 2.358 with Ca, Cr and Cd being the major contributors. In addition to a soil based origin, this factor represented a source lying in manufacture of steel where Cr is used for obtaining steel with specific properties. Ni and Fe contributed mainly to factor 2 with a percent total variance of 18.30 %. This factor also pointed towards a source emanating from surgical industry effluent. Factor 3 (cumulative variance, 57.88%) received major contributions from Co and Pb. Na alone was the major contributor of factor 4. The data set depicted the same origin for Cr and Cd, the metals used in steel making. Factor 2 and 3 were associated with the metals that are involved majorly in steel manufacture and thus originated from surgical instrument industry. This industry is therefore acting as a point source for various toxic metals that are continuously discharged as effluents and are deteriorating the quality of soil and groundwater.
The results of cluster analysis also supported the findings of Principal component analysis. As depicted in Fig. 4 , Cu, Ni, Co and Mg were linked very closely in effluents forming a primary cluster within a linkage distance of 0.5. All the other metals in this medium were associated with each other within a linkage distance of 0.8. In case of groundwater samples Ni, Pb and Na were the metals that were linked most closely (linkage distance 0.3) forming a primary cluster. Ca joined this primary cluster at a linkage distance of 0.5.Cu and Fe, and Co and Mg formed two other primary clusters within linkage distance of 0.6. In soil samples as well, Cu and Fe were associated with each other in a primary cluster. All the other metals were associated with each other within a linkage distance of 0.8; the most significant association was between Ca and Mg, the soil based metals. The metals originating from surgical instrument manufactures were either associated in a single cluster, or they formed primary clusters.
Conclusions
The effluents discharged from the surgical instrument industry were characterized by much enhanced levels of selected metals Fe, Cr, Cu, Ni, Co and Cd etc., surpassing the threshold limits. Over the years, the untreated discharges of these effluents have led to the contamination of soils and groundwater. Resultantly, either the vast areas of fertile land have become non-productive, or are contaminated with heavy metals to such an extent that they are accumulated by food crops and contaminate the whole food chain. Moreover, the heavy metals leach to the groundwater resources making them unfit for agriculture, or other viable human use. The study provides a data base for the status of contamination of soil and groundwater around surgical instrument manufacturing units. This data set not only furnishes information about the levels of various metals in soil and groundwater, but also the relationships among these metals as well as their sources. Thus it would be quite helpful to plan for an immediate strategy for the reclamation of these contaminated soils and ground water.
